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E}WIRONMEMTAI, PROTECTION AGENCY COI{MEITTS
REGARDTNG THE QUAIJITY ASSURjAI{CE PROiIECT Pr'At{

FOR HI'NTERS POINT NAVAI, SHTPYARD PHASE 18 EFFORT

GeneraL Corurents:

There is a concern that the analyt ical met,hods proposed in the
QAPjP may not provide the information needed to evaluate possible
ecological r isk. The CLP methods for chemical analysis
enumerated in the QAPjP may not provide 1ow enough l imits to
detect certain contaminants of concern in San Francisco Bay
sediments. Several procedures proposed for the Development
Abnormality Toxicity Test with Stronqylocentrotus purpuratus
should be modif ied. It  is suggested that the Standard Operating
Procedure be replaced by the new EPA draft protocol, which
accompanies this review.

In addi t ion,  i t  is  not  c lear  that  the log is t ics  of  sample
work-up, especial ly the preparation and use of pore water, have
been fu11y analyzed. The Work P1an, which ca1ls for a large
number of sediment samples to be collected, also requires
analys is  of  the pore water  f rom those sediments.  I t  is  most
important that the laboratory or laboratories contracted to
perform these analyses have the capacity to produce and process
the large volumes of pore water in a t imely manner.
Alt,ernatively, methods using smalLer volumes of sample, provided
they achieve the requi red detect ion l imi ts ,  should be researched.

Specif ic Comnents:

L.  Sect ion 1.0:  In t roduct ion.  This  sect ion conta ins the genera l
statements regarding intention to use EPA CLP methods for
chemical analysis of sediment, pore water and t issue. Unmodif ied
CLP methods may not be appropriate for achieving meaningful
detect ion l imi ts  for  mar ine sediments.  This  issue should be
discussed brief ly in the introduction and more fuIly in the
appropriate sections. The echinoderm bioassay protocol shouLd
reference the la test  EPA vers ion.

2 .  Sec t i on  3 .5 :  Represen ta t i veness .  I n  add i t i on  to  the
def in i t ion of  representat iveness presented here,  a  br ie f
discussion of the method bv which it  was determined that this
objective is being met by Lhe sampling design should be included
here .

3.  Sect ion 3.6:  Comparabi l i ty .  The statement  that  Ievels  of
precision, accuracy and compl-eteness are l isted in Appendix A is
inaccurate; only precision and accuracy objectives are included.
This statement or the Appendix should be edited for
consis tency.



4.  Sect ion 4.0:  Sampl ing Procedures.  Severa l -  i tems re lated to
Tables 7- ,  2 ,  4  and 5 need to be cLar i f ied or  ed i ted.

A. Table 1: Analyt ical Methods. Table l- includes only the
chemical analyses. The bioassays should either be incl-uded in
th i s  t ab le  o r  i n  a  separa te  tab le  (1B) .

B. Table 2: Sample Container, Holding t ime and Preservative
Requirements for Sediment Samples, Ammonia. It  is not clear
whether the sediment should be chil led and preserved for up to 28
days, chi l led or preserved and kept at another temperature, or
chil led and preserved prior to analysis. The treatment of the
sediment for the analysis of ammonia may need to be clarif ied in
a Standard Operating Procedure.

C. Table 4z Sample Container, Holding Time and Preservative
Requirements for Tissue Residue Analysis. In the NoLe b, which
refers to  Sample Conta iners t rGrr ,  is  def ined as "GLass jars  wi th
room lef t  for  f reez ing water . r t  The note is  ambj-guous as s tated
and should be rewritten to include the concept of leaving
headspace in the jars to a1low for expansion of water in the
sample.

D. Table 5: Sample Container, Holding t ime and Preservative
Requirements for Sediment and Pore Water Bioassays. It  is
suggested that the echinoderm development test reference the most
recent EPA protocol.

5 .  Sect ion 8.0:  Analy t ica l  Procedures and Repor t ing L imi t ,s .
There are notes on severaf tables in this section that need
c la r i f i ca t i on .

A.  Tabl -e 1 l - - l -4 :  Contract -Requi red Quant i ta t ion L imi ts  (CRDL) l
A11 these tables contain notes referring to the California
maximum concentration l imits or maximum contaminant level (both
sets of terms are used, presumably referring to the same
numbers), but these are not referenced, nor are they discussed in
the text. In the Bay Protection and Toxic Cleanup Progiram QAPjP,
prepared by the State Water Resources Control Board (,Ju1y 1994),
the detection l imits for other analytes than those noted are
lower than those l is ted in  these tab l -es.  A d iscuss ion of  the
apparent discrepancy should be included in this section.

B. Tab1e ]-4. The sediment and t issue CRDL column units are
given as mg/kg, but the legend at the bottom of the table reads
pm/kg. This inconsistency should be corrected.

C. Table l-5: Miscellaneous Analyses CRDL. The units mg/kg
should be written out in the legend.

6 .  Sec t i on  8 .10 .3 :  Ech inoderm Deve lopmen t  Tes t .  The  re fe rences
for this test should be up-dated. The Chapman and Denton L995
EPA protocol should be foIlowed, ds i t  is el iminates the several
issues that are problematie in the current SOP, as discussed in
i t . em 10 .



7 .  Sec t i on  9 .1 :  F ie ld  Qua l i t y  Con t ro l  Samp les .  The  need  fo r
t,emperature blanks shoul-d be discussed in this section.

B .  Sec t i on  9 .  L .1 - :  F ie ld  Dup l i ca te  Samp les .  Fo r  cons i s lency ,
the need to col lect duplicate samples of pore water and cissue
should be d iscussed in  th is  sect ion,  as Table L6:  F ie ld  Qual i ty
Control Samples includes these media as well as sediment.

9. Appendix D: Standard Operating Procedure (SOP) for
Determination of Sediment Biological Oxygen Demand (BOD), Section
3.42 Analy t ica l  Procedures.  I t  is  not  c lear  in  the d i rect ions
under the second bulLet which of the two methods for det,ermining
BOD is recommended. In the third bulleted paragraph, the
inst ruct ions refer  to  analys is  of  a  second sample.  In  the
present context, i t  should read blank sample.

10.  Appendix  E:  SOP for  48-  to  95-H Development  Abnormal i ty
Toxicity Test with Stroncrylocentrotus purpuratus. Because there
are several issues in the protocol as written that need
cl -ar i f icat ion or  modi f icat ion,  i t  is  suggested that  the L995 EPA
protocol  be used in  i ts  p lace.

A .  Sec t i on  5 .0 :  B ioassay  P rocedure .  The  dens i t y  o f  t he
inoculum, 20A0 organisms/20mL test chamber seems very high.
Densit ies on the order of 30 organisms/ml are more common for
development tests in smal1 volumes.

B .  Sec t i on  7 .0 :  Da i l y  Mon i to r i ng  o f  t he  Tes ts .  Tak ing  wa te r
quali ty in a smal1 test volume is diff icult and may introduce
contamination. A water quali ty blank should be made up for this
purpose. Measuring ammonia at the end of the test is
problematic because of the smalI total volume of test samples.
Taking the ammonia concentration of the sample at the beginning
of  the test  may be suf f ic ient .

C.  Sect j -on 9.0:  Test ,  Complet ion.  The d i rect ions in  the second
paragraph seem to require composit ing the replicates before
counting the Larvae. This would mean that true replication
would be lost. The replicates should not be mixed; each
replicate should be counted separately.

1l-. Appendix H: SOP for Conducting Sediment Pore Water Toxicity
Test with the Luminescent Bacteria Photobacterium phosohoreum,
Section 5 .3 : Osmotic Adjustment. The sentence beginning 'rNaCl
reacts  min imal ly . . .  r r  does not  make sense as i t  is  wr i t ten and
needs to  be edi ted.

12.  Appendix  I :  SOP for  Preparat ion of  T issue for  Analys is .

A .  Sec t i on  2 .32  P repara t i on  o f  T i ssue  Samp les .  Th i s  sec t i on
needs to be edited and should be expanded to include more
specif ic instructions as to how to avoid sample
contaminat ion.

B.  Sect ion 2.52 T issue Preparat ion.  There should be some



discussion concerning how
sample as i t  is processed

avoid poss ib le
a gr inder .

contamination of theE,O
in
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ATTACHMENT A

SEA URCHfN (StrongyTocentrotus purpuratus)
EMBRYO-LARVAL DEVEI,OPMENT TEST METHOD

]-5. ]- SCOPE AIID APPIJICATION

l-5.L.1 This  method est imates the chronic  tox ic i ty  o f  e f f luents
and receiving wat,ers to the developing embryos of the purple sea
urchin, StrongyTocentrotus purpuratus during a 72-h static
exposure.  The ef fects  inc lude the synerg is t ic ,  antangonis t ic ,
and addi t ive ef fects  of  a l l  chemical - ,  phys ica l ,  and b io log ica l
components which adversely affect the physiological and
bj-ochemical functions of the test organisms.

15 .L .2  De tec t i on  l im i t s  o f  t he  tox i c i t y  o f  an  e f f l uen t  o r
chemical- substance are organism dependent.

L5.1.3 Br ie f  excurs ions in  tox ic i ty  may not  be detected us ing
24-h composite samples. Also, because of the long sample
collection period involved in composite sampling and because the
test chambers are not sealed, highly volati le and highly
degradable toxicants in the source may not be detected in the
t e s t .

15 .1 .4  Th is  tes t  i s  common ly  used  i n  one  o f  two  fo rms :  (1 )  a
def in i t ive test ,  consis t ing of  a  min imum of  f ive ef f luent
concentrat ions and a contro l ,  and (2 ' )  a  receiv ing water  test (s) ,
consist ing of one or more receiving water concentrations and a
con t ro l .

15.1.5 This  method should be rest r ic ted to  use by,  or  under
the supervision of, professionals experienced in aquatic toxicity
test ing.  Speci f ic  exper ience wi th  any tox ic i ty  test  is  usual ly
needed before acceptable result.s become routine.

I5.2 SI,MIIfARY OF METHOD

3.5.2. I  The method prov ides the s tep-by-step inst ruct ions for
per forming a 72-h s tat ic  test  us ing the ear ly  development  of  the
purple sea urchin, StrongyTocentrotus purpuratus to determine the
tox ic i ty  o f  substances in  mar ine and estuar ine waters.  The test
endpoint is normal larval development.

]-5.3 INTERFERENCES

1-5.3.L Toxic  substances may be in t roduced by contaminantg in
di lut ion water, glassware, sample hardware, and testing equipment
(see  Sec t i on  5 ,  Fac i l i - t i es ,  Equ ipmen t ,  and  Supp l i es ) .

r .5 .3.2 Improper  ef f luent  sampl ing and handl ing may adversely
af fect  test  resul ts  (see Sect ion 8,  Ef f luent  and Receiv ing Water
Sampling and Sample Handling, and Sample Preparation for Toxicity
Tes ts )  .
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1-5.4 SAFETY

15 .4 .1  See  Sec t i on  3 ,  Hea l th  and  Sa fe ty

r_6.5 APPARATUS At[D EQUIPMENT

l -5 .5 .L  Tanks  o r  aquar ia  fo r  ho ld ing  adu l t  sea  u rch ins ,  e .g .
standard salE water aquarium or fnstant Ocean Aquarium (capable
of  mainta in ing seawater  at  12"C),  wi th  appropr ia te f i l t ra t ion and
aerat ion system.

L6.5.2 Ai r  pump,  a i r  l ines,  and a i r  s tones for  aerat ing
water containing adults (for static systems and emergency
aeration for f low-through systems) .

16 .5 .3  Re f rac tomete r  f o r  de te rm in ing  sa l i n i t y .

16 .5 .4  Hydromete r (s )  - -  f o r  ca l i b ra t i ng  re f rac tomete r .

15.5.5 Thermometers,  g lass or  e lect ronic ,  laboratory grade
for measuring water temperatures.

l -5 .5.6 Thermometer ,  Nat ional  Bureau of  Standards Cer t i f ied
(see USEPA METHOD 170. I ,  USEPA, 1979)  - -  to  ca l - ibrate laboratory
thermometers.

L6.5.7 pH and DO meters for  rout ine phys ica l  and chemical
measurements.  UnLess the test  is  be ing conduct ,ed to  speci f ica l ly
measure the effect of one of these two parameters, portable,
f ie ld-grade inst ruments are acceptable.

16.5.8 Standard or  micro-Wink ler  apparatus for  determin ing
DO (opt ional )  .

L5.5.9 Balance,  Analy t ica l ,  capable of  accurate ly  weighing to
0.0001 g for  weighing reference tox icant .

l -6 .5.10 Reference weights ,  Class S for  checking per formance
o f  ba lance .

l -5 .5.1-1 Cubi ta iners,  beakers,  or  s imi lar  conta iners of  non-
toxic composit ion for holding, mixing, and dispensing di lut ion
water  and other  genera l  non-ef f luent ,  non- tox icant  contact  uses.
These should be clearly labeled and not used for other purposes.
Strong solutions of NaOH and formaldehyde should not be held for
several- month periods in Cubitainers: interaction or leaching
into so lut ions of  0 .1-  N or  1  N NaOH used for  pH adjustment  of
di lut ion water has caused poor egg fert i l ization; formaldehyde
similarly stored has induced abberant part ial membrane elevation
in eggs.

16 .5 . I2  Beake rs ,  L00  mL  bo ros i l i ca te  g lass  fo r  spawn ing ;  t o
support sea urchins and to col lect sea urchin and sand dollar
eggs .
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15 .5 .L3  Beakers ,  5 -L0  mL  bo ros i l i ca te  g lass  fo r  co l l ec t i ng
sperm f rom sand dol lars .

L6 .5 .L4  Beakers ,  L ,000  mL  bo ros i l i ca te  g lass  fo r  r i ns ing  and
set t l ing sea urch in eggs.

L5 .5 . l - 5  Wash  bo t t l es  fo r  d i l u t i on  wa te r ;  f o r  t opp ing  o f f
graduated cyl inders.

l -5 .5.1-5 Wash bot t les for  reagent  water ;  for  r ins ing sma11
glassware and instrument electrodes and probes.

L6.5. I7  Constant  temperature chamber or  water  bath for  keeping
dilut ion water supply and egg and embryo stock suspensions at
test  temperature pr ior  to  the test .

15 .5 .  l - 8  Wate r  pu r i f i ca t i on  sys tem M i l l i po re  Super -Q ,
deionized water  (DI)  or  equiva lent .

15 .5 .19  P ipe ts ,  au tomat i c  ad jus tab le ,  t o  cove r  a  rang ie  o f
de l i ve ry  voLumes  f rom 0 .010  to  1 - .000  mI - , .

16.5.20 Vor tex mixer  to  mix sea urch in semen in  tubes pr ior
to  sampl ing.

L6.5.21 Compound microscope for  examin ing gametes,  count ing
sperm cel l -s  (20O-400x)  ,  eggs and embryos and (100x)  ,  and
examj-ning larvae. Dissecting scopes are sometimes used to count
eggs at a lower magnif ication. One piece of equipment worthy of
a special mention is an inverted microscope. The use of an
inverted scope is not required, but recommended. Its use reduces
the exposure of workers to hazardous fumes (formalin or
glutaraldehyde) during the counting of larvae and reduces sample
examinat ion t ime.  Al ternat ive ly ,  a  Sedgewick-Raf ter  ce l l  may be
used on a regular compound scope.

1-6.5.22 Hemacytometers,  Neubauer  for  count ing sperm.

1 ,6 .5 .23  S iphon  hose  (g  mm i .d . )  f o r  remov ing  wash  wa te r  f rom
se t t l ed  eggs .

L6 .5 .24  Coun te r ,  two  un i t ,  0 -999  fo r  reco rd ing  spe rm,  e99 ,
embryo, and l-arval counts.

1-6.5.25 Sedgwick-Raf ter  count ing chamber for  count ing egg
and embryo stock and examining larval development at the end of
t h e  t e s t .

1 ,6 .5 .26  Cen t r i f uge  tubes ,  t es t  t ubes ,  o t  v i a l s  f o r  ho ld ing
semen.

L6.5.27 Water  bath,  incubator ,  or  room wi th temperature contro l
for  mainta in ing test  so lut ions at  l -5oC dur ing the test .

16.5.28 Graduated cy l inders Class A,  boros i l icate g lass or
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non- tox ic  p last ic  labware,  50-1000 mL for  making test  so lut ions
and sperm and egg stock solutions. (}{ote: not to be used
interchangeably  for  gametes and test  so l -ut ions) .

L6 .5 .29  P ipe t  bu lbs  and  f i l l e r s  PROPIPETR,  o r  equ iva len t .

l -5 .5.30 Fume hood to protect  the analyst  f rom ef f luent ,
f ormaldehyde or glut,araldehyde fumes.

15.5.3L GLass s t i r r ing rods for  mix ing sand dol lar  semen
suspensions.

16.5.32 Per forated p lunger  for  mainta in ing homogeneous
distr ibution of eggs and embryos during sampling and distr ibution
to test  chambers.

15.5.33 Enamel  or  p last ic  t ray for  opt ional  spawning
pJ-at f  orm.

1 5 . 5 . 3 4  N i t e x @  s c r e e n i n g  ( O . 5 m m  m e s h )

t6 .6 REAGENfS AI\ID SUPPIJIES

16.5.L Sample conta iners for  sample sh ipment  and storage
(see Section 8, Eff luent and Receiving Water Sampling and Sample

Handl ing,  and Sample Preparat ion for  Toxic i ty  Tests) .

1 -6 .6 .2  Tape ,  co lo red  fo r  I abe I l i ng  con ta ine rs .

conta in ing gametes.

16.6.5 Gloves,  d isposable for  personal  protect ion f rom
contaminat ion.

L6 .6 .5  Da ta  shee ts  (one  se t  pe r  t es t )  - -  f o r  da ta  reco rd ing
( s e e  F i g u r e s  l - - 4 ) .

1 5  . 5  . 3

1 6  . 6  . 4

t 5  . 5  . 7
water

r _ 5  . 5  . 8

t 6  . 6  . 9
larvae.

Markers,  water-proof  for  mark ing conta iners,  e tc .

ParafiLm to cover graduated cyl inders and vessel-s

Acet ic  ac id,  L0?,  reagent  grade,  in  f i l tered (LOp) sea
for  prepar ing k i l Ied sperm di lu t ions for  sperm counts.

Formaldehyde, l-0?, in seawater for preseving larvae.

GlutaraLdehyde, l% in seawater for preserving
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Figure 1. Samp1e experiment set-up sheet.

SEA URCHIN EMBRYO DEVELOPMENT TEST

EXPERIMENT DESCRIPTION

Bioassay No.

Investigator

Star t  Date Star t  t ime

End Date End Time

Sample
Numbers

sampl-e Concentration Other Information
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Figure 2. Sample worksheet for urchin spawning information.

SEA URCHIN DEVELOPMENT TEST

SPAWNING WORKSHEET

Bioassay no.

Spawninq

Date

N o . In j  ect ion
ti-me

Sex Accepted?
(Comments)

I
2
3
4
5
5
7
8
9

1 0
1 1
L 2

Sperm density

#sperm counted=

(mean)

ITI€EIII=

x  ( 5  x  1 0 6 ) = sperm/ml

Egg di lut ion

# eggs counted=
mean=

(mean) x  1 0 0 =

eggs /m l  i n  s tock  +  1 ,000=

eggs/ml in stock

Egg di lut ion factor
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Figure 3.  Sample worksheet  for  sea urch in fer t i l izat ion
informat ion.

SEA URCHIN DEVELOPMENT TEST

FERTILIZATION WORKSHEET

Bioassay No.
Date

mL, eggs used mL dilut ion water
used

Fert i l izat ion and in i t ia t ion

mI- ,  in  egg d i lu t ion x  1,000 eggs/ml- ,
eggs in  d i lu t ion

eggs in di lut ion x 500 sperm/egg
sperm needed

sperm needed + sperm/ml in sperm
dilut ion= mL sperm dilut ion needed

Percent  fer t i l ized af ter  10 min

Time of inoculation
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Figure 4. Sample data sheet for embryo microscopic examination.

SEA URCHIN DEVELOPMENT TEST: RESULTS

Bioassay No.

Counter

Date

1 -5 .6 .10  pH bu f  f e rs  4 ,  7  ,  and  10  (o r  as  pe r  i ns t ruc t i ons  o f
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instrument manufacturer) for standards and calibration cheek (see
USEPA Method  L50 .1 ,  USEPA,  1979) .

L5.6. !L  Membranes and f i l l ing soLut j .ons for  d issolved oxygen
probe  ( see  USEPA Method  360 .1 ,  usEPA,  1979b) ,  o r  reagen ts  fo r
modi f ied Wink ler  analys is .

1 '6 .6.12 Laboratory qual i ty  assurance samples and standards for
the above methods.

l -5 .5.1-3 Reference tox icant  so lut ions (see sect ion 4,  eual i ty
Assurance) .

] -5 .6.14 Reagent  water  def ined as d is t i l led or  de ionized.
water that does not contain substances which are toxic to the
test  organisms.

l . .6 .6.15 Haemo-Sol  or  equiva l_ent  c l_eaner  for  c leaning
hemacytometer and cover s1ips.

] -6 .6.16 Syr inge,  d isposable,  3  or  5  mL for  in ject ing KCI
into sea urchins and sand doLl-ars to induce spawning.

1 6 . 6 . L 7  N e e d L e s ,  2 5  g a u g e  f o r  i n j e c t i n g  K C l .

l - 5 .6 .1 -8  0 .5  M KCI  so lu t i on  fo r  i nduc ing  spawn ing .

16 .6 .L9  P lpe ts ,  se ro log i ca l  1 - l -0  mL ,  g radua ted .

16 .6 .20  P ipe t  t i ps  fo r  au tomat i c  p ipe ts .  No te :  p ipe t  t i ps  fo r
handling semen shouLd be cut off to produce an opening about 1 mm
in diameter; pipet t lps for handling eggs should be cut off to
produce an opening about 2 mm in diameter. This is necessary to
provide smooth f low of the viscous semen, accurate sampling of
eggs, and t.o prevent injury to eggs passing through a restr icted
opening.  A c lean razor  b lade can be used to t r im p ipet  t ips.

] -6 .5 -2L Pasteur  p ipets  and bulbs for  sampl ing eggs f rom
spawning beakers.

a6.6.22 Hematocr i t  capi l lary  tubes for  sampl ing sperm for
examination and for loading hemacytometers.
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r ' 6 .6 .23  M ic roscope  weL l - s l i des  fo r  p re - tes t  assessmen t  o f

sperm activit ,y and egg condit ion.

16 .6  .24 Covers l ips for  mj-croscope s l ides.

1-6.6.25 Lens paper  for  c leaning microscope opt ics and
hemacytometers.

1-6.5.26 Laboratory t issue wipes for  c leaning and dry ing
e lec t rodes ,  m ic roscope  s l i des ,  e t c .

L6.6.27 Disposable counter top cover ing for  protect ion of
work surfaces and minimizing spi11s and contamination.

16 .6 .28  20 -mL  g lass  sc in t , i l l a t i on  v ia l s  w i th  po l yp ropy lene

caps-- I t  is recommended that the test be performed ln 20 mL
scint i l la t ion v ia ls .  Af ter  preservat ion,  the samples may be
counted inside the scinti l lat ion vial using an inverted
microscope.  New batches of  v ia ls  should be tested for  tox ic i ty
to controls before use in an actual assay. The test may be
performed in other si-zed containers (beakers, t issue culture
f l asks ,  e t c . ) ,  as  l ong  as  the  dens i t y  o f  embryos  i s  t he  same.  A
reference toxicant test, must be performed on any alternate
containers and this test must conform to the acceptabil i ty
c r i t e r i a  se t  f o r th  i n  Sec t i on  L5 .12 .

L6 .6 .28  E f f l uen t ,  su r face  wa te r ,  and  d i l u t i on  wa te r  see
Sect ion 7,  Di lu t ion Water ,  and Sect ion B,  Ef f luent  and Receiv ing
Water Sampling and Samp1e }Iandling, and Sample Preparation for
Tox i c i t y  Tes ts .

t6 .6 .28 .1  SaL ine  tes t  and  d i l u t i on  wa te r  The  sa l i n i t y  o f  t he
test  water  must  be in  the range of  32? to  35?.  The sa l in i ty
should vary by no more than + 2? among the chambers on a given

day. If  eff luent and receiving water tests are conducted
concurrent ly ,  the sa l in i t ies of  these tests  should be s imi lar .

T5.6.29 HYPERSALINE BRINES

L5 .5 .29 . l  Mos t  i ndus t r i a l  and  sewage  t rea tmen t  e f f l uen ts
entering marine and estuarine systems have Litt le measurabl-e
salinity. Exposure of l-arvae to these eff l-uents wiLL usually
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requi re increasing the sa l in i ty  o f  the test  so lut ions.  I t  is

impor tant  to  mainta in an essent ia l ly  constant  sa l in i ty  across a l l

treatments. In some applications it  may be desirable to match
the test  sa l in i ty  wi th  that  o f  the receiv ing water  (See Sect ion
7.L)  .  Two saLt  sources are avaiLable to  adjust  saLin i t ies
art i f icial sea salts and hypersaline brine (HSB) derived from
natura l  seawater .  Use of  ar t i f ic ia l  sea saLts is  necessary only
when high eff luent concentrations preclude salinity adjustment by
HSB alone.

15.6 .29 .2  Hlpersal ine br ine (HSB) can be made by concentrat ing
natural seawater by freezing or evaporation. HSB should be made

from high quali ty, f i l tered seawater, and can be added to the
eff luent or to reagent water to increase saliniCy. HSB has
severaL desi rab le character is t ics  for  use in  ef f luent  tox ic i ty
testing. Brine derived from natura] seawater contains the
necessary t race meta ls ,  b iogenic  co l lo ids,  and some of  the
microbial components necessary for adequate growth, survival,
and/or reproduction of marine and estuarine organisms, and it  can
be stored for prolonged periods without any apparent degradation.
However ,  even i f  the maximum sal in i ty  usa (100?)  is  used as a
di luent ,  the maximum concentrat ion of  e f f luent  (0?)  that  can be
tes ted  i s  66% e f f l uen t  a t  34 t<  sa l i n i t y  ( see  Tab le  1 ) .
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TABI,E 1. MAXIMI]M EFFI,UENT CONCENTRATTON (?) THAT CAN BE TESTED
AT 34? WITHOUT THE ADDITION OF DRY SALTS GIVEN THE INDICATED
EFFLUENT AIID BRINE SALINITIES.

Ef fLuent

Sa l i n i t y
z

Brine Br ine Brine Brine Brine

5 0
z

7 0
z

8 0
%

9 0
%

1 0 0
z

0 4 3  . 3 3 5 1 . 4 3 5 7 . 5 0 6 2 . 2 2 5 5  . 0 0

1 4 4 . 0 7 5 2 . t 7 5 8 . 2 3 6 2  . 9 2 5 5  . 6 7

2 4 4  . 8 3 5 2 . 9 4 5 8  . 9 7 6 3 . 6 4 6 7  . 3 5

3 4 5  . 6 1 5 3 . 7 3 5 9 . 7 4 6 4 . 3 7 6 8 . 0 4

4 4 5  . 4 3 5 4  . 5 5 5 0  . 5 3 6 5 . t 2 5 8 . 7 5

5 4 7  . 2 7 5 5 . 3 8 5 1 . 3 3 5 5 . 8 8 6 9 . 4 7

1 0 5 2 . 0 0 6 0 . 0 0 6 5 . 7 1 7 0 .  0 0 7 3 . 3 3

L 5 5 7  . 7 8 5 5  . 4 5 7 0 . 7 7 7 4  . 5 7 7 7 . 6 5

2 0 5 5  . 0 0 7 2  . 0 0 7 6 6 7 8 0  . 0 0 8 2 . 5 0

2 5 7 4 . 2 9 8 0 . 0 0 8 3 . 6 4 8 6 .  L 5 8 8 . 0 0
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L5 .6 .29 .3  H igh  qua l i t y  (and  p re fe rab l y  h igh  sa l i n i t y )  seawa te r
should be f i l tered to at, least 10 pm before pracing into the
freezer or the brine generator. Water should be collected on an
incoming t ide to minimize the possibi l i ty of contamination.

15 .6 .29 .4  F reeze  P repara t i on  o f  B r j -ne

l -5 .5 .29 .4 .1  A  conven ien t  con ta ine r  f o r  mak ing  HSB by  f reez ing
is one that has a bottom drain. one l i ter of brine can be made
from four l i ters of seawater. Brine may be collected by
par t ia l ly  f reez ing seawater  at  -10 to  -2ooc unt i l  the remain ing
liquid has reached the target sal inity. Freeze for approximately
six hours, then separate the ice (composed mainly of fresh water)
from the remaining l iquid (which has now become hypersaline).

1 5 . 6  . 2 9 . 4 . 2 I t  is preferable to monitor the water unti l  the
target sal inity is achieved rather than al lowing totaL freezing
fol lowed by part ial thawing. Brine salinity should never exceed
1-00?.  r t  is  adv isable not  to  exceed about  zo? br ine sa l in i ty
unLess i t  is  necessary to  test  e f fLuent  concentrat ions greater
t h a n  5 0 ? .

1 -5 .6 .29 .4 .3  A f te r  t he  requ i red  sa l i n i t y  i s  a t ta ined ,  t he  HSB
should be f i l tered through a L pm fi l ter and poured directly into
por table conta iners (20-L cubi ta iners or  po lycarbonate water
cooler  jugs are su i tab le) .  The br ine s torage conta iners shouLd
be capped and Iabelled with the salinity and the date the brine
was glenerated. Containers of HSB should be stored in the dark at
4oC (even room temperature has been acceptable)
of acceptable quali ty even after several months

1 -5 .6  .29  .5  Hea t  P repa ra t i on  o f  B r ine

HSB is  usual ly
in  s torage.

15 .5 .29 .5 .1  rhe  i dea l  con ta ine r  f o r  mak ing  b r i ne  us ing  hea t -
ass is ted evaporat ion of  natura l  seawater  is  one that  (1)  has a
high sur face to  vo lume rat io ,  (2)  is  made of  a  non-corros ive
mater ia l ,  and (3)  is  eas i ly  c leaned ( f iberg lass conta iners are
ideal ) .  Specia l  care should be used to prevent  any tox ic
materials from coming in contact with the seawater being used to
generate the br ine.  r f  a  heater  is  immersed d i rect ly  in to the
seawater, ensure that the heater materials do not corrode or
leach any substances that would contaminate the brine. one
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successful- method is to use a thermosLatical ly control led heat,
exchanger made from fiberglass. If  aeration is needed, use only
o i l - f ree a i r  compressors to  prevent  contaminat ion.

l -5 .5 .29 .5  .2  Before adding seawater  to  the br ine generator ,

thoroughly clean the generator, aeration supply tube, heater, and
any other materials that wilL be in direct contact with the
brine. A good quali ty biodegradable detergent shouLd be used,
fol lowed by several (at least, three) thorough reagent. water
r i n s e s .

15 .6  .29 .5  .3  Seawater  should be f  i l tered to  at  least  l -0  pm

before being put into the brine glenerator. The temperature of
the seawater is increased slowly to 40oC. The water shoul-d be
aerated. to prevent temperature strati f ication and to increase
water evaporation. The brine should be checked daily (depending

on the volume being generated) to ensure that the salinity does
not exceed 100? and that the temperature does not exceed 40oC.
Addit, ionaL seawater may be added to the brine to obtain the
voLume of brine required.

l -5 .6 .29 .5 .4  A f te r  t he  requ i red  sa l i n i t y  i s  a t ta ined ,  t he  HSB
should be f iLtered through a 1 pm fi l ter and poured directly into
portable containers (2O-T' cubj-tainers or polycarbonate water
cooler  jugs are su i tab le) .  The br ine s torage conta iners should
be capped and labeIled with the salinity and the date the brine
was generated. Containers of HSB shouLd be stored in the dark at
4oC (even room temperature has been acceptable) .  HSB is  usual ly
of acceptable quali ty even after several months in storage.

l - 5 . 5  . 2 9 . 6  A r t i f i c i a L  s e a  S a l t s

l -5 .5 .29 .6 .1  No  da ta  f rom sea  u rch in  l a rva I  t es t s  us ing  sea
saL ts  o r  a r t i f i c i a l  seawa te r  (e .9 . ,  GPz)  a re  ava i l ab le  fo r
evaluation at this t ime, and their use must be considered
prov is ional .

L5 .5 .29 .7  D i l u t i on  Wate r  P repa ra t i on  f rom Br ine

15 .5 .29 .7 .L  A l though  sa l i n i t y  ad jus tmen t  w i th  b r i ne  i s  t he
preferred method, the use of high salinity brines and/or reagent
water has sometimes been associated with discernible adverse
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ef fects  on test  organisms.  For  th is  reason,  i t  is  recommended
that only the minimum necessary volume of brine and reagenE water
be used to of fset  the 1ow sal in i ty  o f  the ef f luent ,  and that
br ine contro ls  be inc luded in  the test .  The remain ing d i lu t ion
water should be natural seawater. Salinity may be adjusted in
one of  two ways.  F i rs t ,  the sa l in i ty  o f  the h ighest  e f f luent
test  concentrat ion may be adjusted to  an acceptable sa l in i ty ,  and
then ser ia l ly  d i lu ted.  A l ternat ive ly ,  each ef fLuent
concentration can be prepared individually with appropriate
volumes of eff luent and brine.

15 .6 .29 .7 .2  When  HSB and  reagen t  wa te r  a re  used ,  t ho rough ly
mix together the reagent water and HSB before mixing in the
ef f luent .  Div ide the sa l in i ty  o f  the HSB by the expected test
sal inity to determine the proport ion of reagent water to brine.
For  exampre,  i f  the sa l in i ty  o f  the br ine is  100? and the test  is
to  be  conduc ted  a t  342 ,  100?  d i v ided  by  3A t  =  2 .94 .  The
propor t ion of  br ine is  L  par t  in  2.94 (one par t  br ine to  2.94
par ts  reagent  water) .  To make l -  L  of  d i lu t ion water  at  342
sal in i ty  f rom a HSB of  100?,  340 mL of  br ine and 550 mL of
reagent water are required. Verify the salinity of the result ing
mixture using a refractometer.

1 5 . 6 . 2 9 . 8  T e s t  S o l u t i o n  S a l i n i t y  A d j u s t m e n t

l - 5 . 6 . 2 9 . 8 . L  T a b l e  2  i L L u s t r a t e s  t h e  p r e p a r a t i o n  o f  t e s t
so lut ions (up to  50? ef f luent)  a t  3a% by combin j -ng ef f luent ,  HsB,
and d i lu t ion water .  Note:  i f  the h ighest  e f f luent  concentrat ion
does not. exceed 50? eff luent, i t  is convenient to prepare brine
so that  the sum of  the ef f luent  sa l in i ty  and br ine sa l in i ty
equals 68%; the required brine volume is then always equal to the
eff luent volume needed for each eff luent concentration as in the
example j-n Table 2.

l - 5 .6 .29 .8 .2  Check  the  pH o f  a lL  b r i ne  m ix tu res  and  ad jus t  t o
wi th in  0.2 uni ts  of  d i lu t ion water  pH by adding,  dropwise,  d i lu te
hydrochloric acid or sodium hydroxide.

l -5 .6  .29  .8 .3  To  ca l cu la te  the  amoun t  o f  b r i ne  to  add  to  each
ef fLuent  d i lu t ion,  determine the fo l lowing quant i t ies:  sa l in i ty
o f  t he  b r i ne  ( sB ,  i n  ? ) ,  t he  sa l i n i t y  o f  t he  e f f l uen t  ( sE ,  i n  ? ) ,
and vo lume of  the ef f luent  to  be added (VE,  in  mL).  Then use
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the fol lowing formula to calculate the volume of brine (VB, in
mL) to be added:

v B  =  V E  x  ( : +  -  s E ) / ( s e  -  3 4 )

15 .5 .29 .8 .4  Th is  ca l cu la t i on  assumes  tha t  d i l u t i on  wa te r
sa l i n i t y  i s  34  +  22 .

15.  5  .29 .  9  Prepar ing Test  Solut ions

L5 .5 .29 .9 . l  Ten  mL  o f  t es t  so lu t i on  a re  needed  fo r  each  tes t
container. To prepare tesL soLutions at low eff luent
concentrat ions (<5?) ,  e f f luents may be added d i rect ly  to  d i lu t ion
water .  For  example,  to  prepare L? ef f luent ,  add L.0 mL of
ef f luent  to  a 100-mL volumetr ic  f lask us ing a vo lumetr ic  p ipet  or
ca l ibrated automat ic  p ipet .  F i l I  the vo lumetr ic  f lask to  the
1-00-mL mark wi th  d i lu t ion water ,  s topper  i t ,  and shake to  mix.
Pour  in to a (150-250 mL) beaker  and st i r .  D is t r ibute equal
volumes into the replj-cate test containers. The remaining test
soLut ion can be used for  chemist ry .

l - 5 .5  .29 .9 .2  To  p repa re  a  tes t  so lu t i on  a t  h ighe r  e f  f  l uen t
concentrations, hlpersaLine brine must usually be used. For
example,  to  prepare 40? ef f luent ,  add 400 mL of  e f f luent  to  a 1-
l i ter  vo lumetr ic  f lask.  Then,  assuming an ef f luent  sa l in i ty  o f
2% and a br ine sa l in i ty  o f  662,  add 400 mL of  br ine (see equat ion
above and Table 2)  and top of f  the f lask wi th  d i lu t ion water .
Stopper  the f lask and shake we11.  Pour  in to a (100-250 mL)
beaker and stir.  Distr ibute equal voLumes into the replicate
test containers. The remaining test sol-ution can be used for
chemist ry .
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TABLE 2. EXA}IPLES OF EFFI,UENT DILUTION SHOWING VOI,UMES OF

EFFLUENT, BRINE, AND DIIJUTION WATER NEEDED FOR ONE

LITER OF EACH TEST SOLUTION.

Step 1. Combine brine with reagent water or natural seawater to
achieve a brine of 682 and, unless natural seawater is used for
d i lu t ion water ,  a fso a br ine-based d i lu t ion water  of  34t .

Step 2. Prepare the highest eff luent concentration to be tested
by adding equal vol-umes of eff luent and brine to the appropriate
volume of di lut ion water. An example using 40? is shown.

Ef f luent  Conc.
( ? )

Ef f luent
x%

Brine
( 5 8 - x )  ?

Di lu t ion
Water*  342

4 0 800  mL 8 0 0  m L 4 0 0  m L

Step 3.  Use e i ther  ser ia l ly  prepared d i lu t ions of
test  concentrat ion or  ind iv idual -  d i lu t ions of  100?

SERIAL DILUTION

the highest
e f f l uen t .

E f f l uen t  Conc .  (%) Eff luent Source Di lu t ion Water*

B 4 % )

2 0 l -000  mL  o f  4OZ l-000 mL

1 0 l -000 mL of  202 L 0 0 0  m L

5 1 0 0 0  m L  o f  L 0 ? 1000  mL

2 . 5 1 -000  mL  o f  5Z L000  mL

Control none L000  mL

INDIVIDUAIJ PREPARATION

Eff luent  Conc.
( ? )

Eff luent x? B r i n e  ( 5 8 - x )  ? Di lu t ion
Water* 342

2 0 200  mL 200  mL 600  mL
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*May be natural seawater or brine-reagent water equivalent.

L 0 100  mL 100 mI-, 800  mL

5 50 mI-, 50 mL 900 mI-,

2 . 5 25 mL 25 mL 950  mL

Control none none L 0 0 0  m L
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1 _ 5 . 6  . 2 9  . t 0 Brine Controls

l -5 .5  .29  . I 0  . l  Use  b r i ne  con t ro l s  i n  a l l  t es t s  where  b r i ne  i s
used. Brine controls contain the same volume of brine as does
the highest eff luent concentration using brj-ne, plus the volume
of reagent water needed to reproduce the hyposalinity of the
ef f luent  in  the h ighest  concentrat ion,  p lus d i lu t ion water .
Calculate the amount of reagent water to add to brine controls by
rea r rang ing  the  above  equa t ion ,  (See ,  15  .6 .29 .8 .3 )  se t , t i ng  SE =
0,  and so lv ing for  VE.

V E  =  V B  x  ( S B  -  3 4 ) / ( g q  -  S E )

f f  e f fLuent  sa l in i ty  is  essent ia l ly  0?,  the reagent  water  vo lume
needed in the brine control wiLl- equal the eff luent volume at the
highest  test  concentrat ion.  However ,  as ef f luent  sa l in i ty  and
effLuent concentration increase, less reagient water volume is
needed.

1-5.6.30 TEST ORGAIi I ISMS, PURPLE URCHINS

15.  6.  30.  L  Sea Urchins,  St ronqvlocentrotus purpuratus
(approx imate ly  5 of  each sex per  test ) .

1 '5 .6.30.2 Adul t  sea urch ins (s t ronqylocentrotus purpuratus)  can
be obtained from commercial suppliers or col lected from
uncontaminated in ter t ida l  areas.  State co l lect ion permi ts  are
usual ly  requi red for  co l lect ion of  sea urch ins and co l lect ion is
prohibited or restr icted in some areas. The animals are best
transported "dry,rt surrounded either by moist seaweed or paper
towels dampened with seawater. Animals should be kept at
approximately their col lection or culture temperature to prevent
thermal shock which can prematurely induce spawning.

l -5 .5 .30 .3  The  adu l t  sea  u rch ins  a re  ma in ta ined  i n  g lass  aquar ia
or f iberglass tanks. The tanks are supplied continuously
(approx imate ly  5 L/min)  wi th  f i l tered natura l  seawater ,  o t  sa l t

water  prepared f rom commer ic ia l .  sea sa l ts  is  rec i rcu lated.  The
animals are checked daily and any obviously unhealthy animals are
discarded.

15.5.30.4 Al though ambient  temperature seawater  is  usual ly
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acceptabl-e, maintaining sea urchins in spawning condit ion usual-Jy
requires holding at a reLatively constant t,emperature. The
culture unit shouLd be capable of maintaining a constant
temperature bet.ween L0 and 14oC with a water temperature control
dev i ce .

1-5.6.30.5 Food for  sea urch ins ke1p,  recommended,  but  not
necessar i ly  l imi ted to ,  Laminar ia  sp. ,  HedophyTTum sp. ,
Nereocystis sp., Macrocystis sp., Egregia sp., ATaria sp. or
romaine lettuce. The kelp should be gathered from known
uncontaminated zones or obtained from commerical supply houses
whose kelp comes from known uncontaminated areas, ot romaine
Jettuce. Fresh food is introduced into the tanks at least
severa l  t imes a week.  Sun dr ied (12-24 hours)  or  oven dr ied
(50oC overnight) keIp, stores well at room temperature or frozert,
rehydrat.es well and is adequate to maintain sea urchins for long
periods. Decaying food and fecal pellets are removed as
necessary to prevent foul ing.

L5 .5 .30 .5  Na tu ra l  seawa te r  (>30?)  i s  used  to  ma in ta in  the  adu l t
an imaLs  and  (> lZZ)  as  a  con t ro l  wa te r  i n  t he  tes ts .

15 .6 .30 .7  Adu l t  ma le  and  fema le  ( i f  sexes  known)  an ima ls  used  i n
f ield studies are transported in separate or part i t ioned
insulated boxes or coolers packed with wet kelp or paper

toweling. Upon arrival at the f ield site, aquaria (or a single
par t i t ioned aquar ium) are f i l led wi th  contro l  water ,  loosely
covered with a styrofoam sheet and aLlowed to eguil ibrate to the
holding temperature before animals are added. Healthy animals
wi l l  a t tach to  the ke lp or  aguar ium wi th in  hours.

15 .6 .30 .  B  To  success fu l l y  ma in ta in  abou t  25  adu l t  an ima ls  fo r
seven days at  a  f ie ld  s i te ,  40-L g lass aquar ia  us ing aerated,
rec i rcu lat ing,  c lean sa l ine water  (322)  and a gravel  bed
f i l t ra t ion system, are housed wi th in  a water  bath,  such as an
INSTANT OCEAI{R Aquarium. The sexes should be held separately if
p o s s i b l e .

15.7 EFFIJUENT AI{D RECEMNG WATER COLLECTION, PRESERVATION AI{D
STORAGE

l -5 .7 .1  See  Sec t i on  8 ,  E f f l uen t  and  Rece iv ing  Wate r  Samp l ing
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and Sample Handling, and Sampling Preparation for Toxicity Tests.

1-5. 8 CALIBRATTON AIVD STEI{DARDIZATION

1 5 . 8 . 1  S e e  S e c t i o n  4 ,  Q u a l i t y  A s s u r a n c e .

15.9 QUAL,ITY COIfTROL

1 - 5 .  9 .  t _

1 5 . L 0

1 - 5 .  t - 0  . 1

See Sect ion 4,  Qual i ty  Assurance.

TEST PROCEDURES

TEST DESIGN

15 .  l - 0 .  L .1  The  tes t  cons i s t s  o f  a t  l eas t  f i ve  20  mL  rep l i ca tes  o f
at least f ive eff luent concentrations (or one or more receiving
water  concentrat i -ons)  p lus a d i l -u t ion water  controL.  Tests  that
use br ine to  adjust  sa l in i ty  must  a lso conta in f ive repl icates of
a br ine contro l .

l - 5 .L0 . I . 2  E f f l uen t  concen t ra t i ons  a re  exp ressed  as  pe rcen t

e f fLuen t .

L5.  r_0.2 TEST SOLUTIONS

L 5 . 1 0  . 2 . L  R e c e i v i n g  W a t e r s

l -5 .L0 .2 .L .L  The  samp l ing  po in t  i s  de te rm j -ned  by  the  ob jec t i ves
of the test. At estuarine and marine sites, samples are usually
co l lected at  mid-depth.  Receiv ing water  tox ic i ty  is  determined
wi th samples used d i rect ly  as co l l -ected or  wi th  samples passed
through a 50 ;rm NfTEX@ fi l ter and compared without di lut ion
against  a  contro l .  Us ing f ive repl icates chambers per  test ,  each
containing 10 ml-r, and 400 mI-, for chemical analysis, would require
approximately 450 mL or more of sample per test.

L 5 . 1 0  . 2 . 2  E f  f  l u e n t s

15 .1 ,0  .2 .2 .1  The  se lec t i on  o f  t he  e f  f  l uen t  t es t  concen t ra t i ons
should be based on the object ives of  the s tudy.  A d i lu t ion
fac to r  o f  0 .5  i s  common ly  used .  A  d i l u t i on  fac to r  o f  0 .5
prov ides hypothesis  test  d iscr iminat ion of  + 100?,  and test ing of
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concen t ra t i ons  o f  6 .25%,  L2 .52 ,  23* ,  50? ,  and  100? .  Hypo thes i s
test discrimination shows l i t t le improvement as di lut ion factors
are increased beyond 0.5 and decl ines rapid ly  i f  smal ler  d i lu t ion
factors are used. Therefore, USEPA recommends the use of the
>0 .5  d i l u t i on  fac to r .  I f  i - 00?  HSB i s  used  as  the  d iLuen t ,  t he
maximum concentration of freshwater eff luent that can be tested
wi l l  be 66eo at  349a sal in i ty .

L5 .10 .2 .2 .2  r f  t he  e f f l uen t  i s  known  o r  suspec ted  to  be  h igh ry
toxic, a lower range of eff luent concentrations should be used
(such  as  25% ,  ] . 2 .52  ,  6  . 25 t  ,  3  .  j , 22  and  l - . 56? )  .

1 5 . 1 0 . 2 . 2 . 3  T h e  v o l u m e  o f  e f f l u e n t  r e q u i r e d  t o

L 5 . L 0 . 2 . 2 . 4  T h e  t e s t  s h o u l d  b e g i n  a s  s o o n  a s  p o s s i b l e ,
preferably within 24 h of sample coll-ection. The maximum holding
time fol lowing retr ieval of the sample from the sampling device
should not  exceed 35 h for  o f f -s i te  tox ic i ty  tests  unless
permission is granted by the permitt ing authority. rn no case
shourd the sample be used in a test more than 22 h after sample
col lect ion (see sect ion 8 Ef f l -uent  and Receiv ing Water  Sampl ing,
sample Handl ing,  and sample Preparat ion for  Toxic i ty  Test ) .

15 .10  .2 .2 .5  , -Tus t  p r i o r  t o  t es t  i n i t . i a t i on  (app rox ima te l y  1_  h )  ,
a  suf f ic ient  quant i ty  o f  the sample to  make the test  so lut ions
shouLd be adjusted to  the test  temperature ( fS I  1oC) and
maintained at that temperature during the addit ion of di luLion
wa te r .

l - 5 .10 .2 .2 .6  E f f l uen t  d iLu t i ons  shou ld  be  p repa red  fo r  a l l
repl i .cates in each treatment in one beaker to minimize
var iab i l i ty  among the repl icates.  The test  chambers are labeI led
with the test concentration and replicate number. Dispense into
the appropriate eff luent di lut ion chamber.

l - 5 .1 -0 .2 .2 .5  The  se r ies  o f  t es t  so lu t i ons ,  i nc lud ing  con t ro l s
and reference toxicants, should be prepared in suff icj_ent
quantity to a1low for required and optional chemical analyses. A
convenient volume is L00 mL in a t-50 mL beaker.

1 5 . 1 0 . 2 . 2 . 7  A t  l e a s t  4  r e p l i c a t e  v i a l s  a r e  p r e p a r e d  f o r  e a c h
test  concentrat ion,  us ing 10 mL of  so lut ion j -n  boros i l icate g lass
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v i -a l s .

1 5 . 1 0 . 2 . 3  D i l u t i o n  W a t e r

L5 .10 .2 .3 . l  D i l u t i on  wa te r  may  be  uncon tamina ted  1pm- f i l t e red
natural seawater or hlpersaline brine prepared from natural
seawater  (see Sect ion 7,  Di lu t ion Water) .  Natura l  seawater  may
be uncontaminated receiving water. This water j-s used in al l
d i lu t ion s teps and as the contro l  water .

15 .1 -0  .2 .4  Re fe rence  Tox i can t  Tes t

15 .1 -0 .2 .4 .L  Re fe rence  tox i can t  t es t s  shou ld  be  conduc ted  as
desc r ibed  i n  Qua l i t y  Assu rance  ( see  Sec t i on  4 .7 ) .

1 "5 .10 .2 .4 .2  The  p re fe r red  re fe rence  tox i can t  f o r  sea  u rch ins
is copper chloride (CuC1ro11rg1 . Reference toxicant tests provide
an indication of the sensit ivity of the test organisms and the
sui tab i l - i ty  o f  the test ing laboratory (see Sect ion 4,  Qual i ty
Assurance). Another toxicant may be specif ied by the appropriaEe
regulatory authority.

l - 5 .1 -0 .2 .4 .3  I f  t he  e f f l uen t  and  re fe rence  tox i can t  t es t s  a re
to be run concurrently, then the tests must use embryos from the
same spawn. The tests must be handLed in the same way and test
solutions delivered to the test, containers at the same time.
Reference tox icant  tests  must  be conducted at  34 + 22.

1.5.10.3 COLLECTTON OF GA}IETES FOR THE TEST

L5 . l -0 .3 . l -  Spawning Induct ion

1-5 . l-0 .3 .1-. L Pour seawater into each of six 1-00 mL beakers and
place in  15oC bath or  room. Al low to come to temperature.
Select a suff icient number of sea urchins (based upon recent or
past spawning success) so that three of each sex are 1ike1y to
provide gametes of acceptable quantity and quali ty for the test.
During optimal spawning periods this may only require six sea
urchins, three of each sex, when the sexes are known from prior
spawning. During other periods, especial ly i f  the sex is not
known, many more sea urchins may be required.



Echinoid EL,  Sect .  l -5  ( , fu1 95) ,  pq 24 of

L5. l -0 .3.1- .2  Care should be exerc ised when removing sea urch ins
from holding tanks so that damage to tube-feet is minimized.
FoLlowing removal, sea urchins should be placed into a container
l ined with seawater-moistened paper towels to prevent
reat tachment .  P lace s ix  to  e ight  sea urch ins on a c lean t ray
covered with several layers of seawater moistened paper towels.

1 5 . 1 - 0 . 3 . L . 3  I n j e c t  e a c h  s e a  u r c h i n  w i t h  0 . 5  m L  o f  0 . 5  M  K C I ,
through the sof t  t issue surrounding the Ar is tot le 's  lantern.  I f
sexes are known, use a separate needle for each sex. rf sexes
are not known, r inse the needle with hot tap water between each
in ject ion.  This  wi l l  avoid the acc identar  in ject ion of  sperm
from males into females. Gently shake the animals once or twice
to s t imulate.  P lace animals back onto t ray,  oraL s ide down.
FemaLes wi l l  reLease orange-colored eggs and males wiL l  re lease
cream-colored semen.  Note the t ime that  each animal  s tar ts
spawning (Figure 2'). Place spawning females oral side up on the
1-00 mL beakers. Leave spawning males on tray for semen
col - lect ion.  Only  coLlect  gametes for  the f i rs t  15 min af ter  each
animal starts releasing. This helps to insure good guali ty
gamet .es.

L 5 .  L 0  . 3  . 1 . 2  S e c t i o n s  i - 5 .  i _ 0  . 4  . 2  a n d  t 5 .  i - 0 .  G  . 4  d e s c r i b e
coLlection and diLution of the sperm and eggs. while some of the
gamete handling needs to be in a specif ic order, parts of the
procedure can be done simultaneously while wait ing for gametes to
se t . t l - e .

1 5 . 1 0  . 3 . 2  C o l l e c t i o n  o f  S p e r m

l -5 .10  .3  .2 .1  Semen  shou ld  be  co l l ec ted  d ry ,  us ing  e i t he r  a
Pasteur  p ipet te  or  a  100 pr l  autopipet te  wi th  the end of  the t ip
cut off so that the opening is at least 2 mm. Pipette semen from
each male in to separate 5 mL conica l  test  tubes,  sLored in  an ice
water  bath.

1 5 .  L 0 . 3  . 3  V i a b i l i t y  o f  S p e r m

1-5.l-0 .3 .3 . L A very small amount of semen f rom each male should
be added to a drop of seawater in a counting chamber or a well
sI ide. Examine the sperm for moti l i ty and use only sperm from
animals where the mot i l i ty  is  h igh.
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1 5 . 1 - 0 . 3 . 4  P o o l i n g  o f  S p e r m

15 .  L0 .3  .4  .  L  Poo l  equa l  quan t , i t i es

males that has been deemed good. At
pooled from each of those used and a
should be avai-1ab1e.

of semen from each of the
leas t  0 .025  mL  shou ld  be

to ta l  o f  a t  l eas t  0 .05  mL

1 5 . L 0 . 3 . 5  S t o r a g e  o f  S p e r m

L5 .  l - 0 .3 .5 .  L  I f  spe rm i s  no t  go ing  to  be  used  immed ia te l y ,  t he
tubes should be covered and stored in a refr igerator. Sperm
should be used wi th in  four  hours of  co lLect ion.  A11 col lect ion
of the eggs from Ehe individual females should be completed
before cont inu ing wi th  the sperm di lu t ion.

15.10.4 PREPARATTON OF SPERM DILUTION FOR USE TN THE TEST

l - 5 . 1 0  . 4 . 1  S p e r m  D i l u t i o n

l -5.10 .4  .1 .  l -  When ready to  use sperm, mix by agi ta t ing the tube
with a vortex mixer. Add about 0.025 mI-, of semen to a 100 mI-,
beaker  conta in ing 50 mL of  15oC d i lu t ion water .  St i r  th is
solution thoroughly with a Pasteur pipette. A drop of egg
solution from each female may be placed on a wel-I sl ide and a
smal1 amount  of  sperm solut ion added to test  fer t i l izat ion.  I f
no fert i l- ization membrane forms on eggs from any female, then new
gametes should be collected. Keep the sperm diLution covered and
at  Lsoc unt i l  ready for  use.  This  d i lu t ion should be used to
fer t i l ize the eggs wi th in  1.5 hours of  be ing made.

L5 .LO.4 .2  Sperm Dens i t y  De te rm ina t i on

L 5 . 1 0 . 4 . 2 . 1  T a k e  0 . 5  m L  s u b s a m p l e  o f  t h e  s p e r m  s o L u t i o n  a n d
add i t  to  5 mL of  10? acet ic  ac id in  a 50 mL graduated cy l inder ,
to  k i I l  the sperm. Br ing the vo lume to 50 mL wi th  d i lu t ion
water. Mix by inversion and place one drop of the ki l led sperm
solut ion onto each s ide of  a  hemocytometer .  Let  sperm set t le  for
about l-5 minutes. Count the number of sperm in 80 small squares
on each side of the hemocytometer. I f  the counts for each side
are within B0% of one another, then take the mean of those two
counts.  I f  the counts are not  that  c lose,  then ref i l l  the
hemocytometer, recount and take the mean of the four counts. Use
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the fol lowing equations to determine sperm density and record the
resul ts  on the spawning worksheet  ( f igure 2) .

#sperm/rnl=(dilution) (count) (hernacytometer conversion factor) (mm3,/ml,)

number of squares counted

di lu t ion=L00
convers ion factor=4000
mm3/mL=1-000
number of sQudr€s=8o

Therefore:

#sperm/ml= (count)  (S x  tO6) (Equation 2A)

1 _ 5 . 1 0  . 5

r - 5 . 1 0  . 5 .  1 _

PREPARATION OF EGG SUSPENSION FOR USE IN THE TEST

Acceptabi l i ty  o f  Eggs

L5 .L0 .5 .1 .L  P lace  a  sma1 I  samp le  o f  eggs  f rom each  fema le  i n
the counting chamber and examine eggs with the microscope. Look
for the presence of signif icant quantit ies of immature or
abnormal appearing eggs (germinal vesicle present, unusually
large or smaLl or irregularly shaped). Do noL use the eggs from
females having more than l-0? abnormal eggs or from females whose
eggs  d id  no t  f e r t i l i ze  du r ing  the  tes t  i n  Sec t i on  15 .  l - 0 .5 .1 .

L 5 . 1 0  . 5 . 2  P o o l i n g  o f  E g g s

1 5 . 1 0 . 5 . 2 . L  A l 1 o w  e g g s  t o  s e t t L e  i n  t h e  c o l l - e c t i o n  b e a k e r s .
Decant some of the water from the collection beakers taking care
not to pour off many eggs. Pour the remaining solution through
the Nitex@ screen (to remove fecal material and other debris)
i n to  a  1 l i t e r  beake r .  Repea t  w i th  each  o f  t he  r tgood t r  f ema les .
Bring the volume up to about 500 mI-, with di lut ion water. Al1ow
the eggs to  set tLe to  the bot tom again.  S iphon of f  about  400 mL
of the overlying water and then bring back up to 500 mL with
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diLut ion water .

1 5 .  L 0 . 5 . 3  D e n s i t y  o f  E g g s

1 - 5 . 1 0 . 5 . 3 . 1  U s i n g  a  p l u n g e r ,  m i x  t h e  e g g  s o l u t i o n  w e L l .  W h i l e
continuing to mix, remove a 10 mL sample and place in a 1 Liter
graduated cyl inder. Bring the volume up to 1 f i ter with di lut ion
water. Mix this di lut ion well and remove a 1- mL, sample to a
counting ce11. Count a1l the eggs in the 1 mL sample. Repeat
the process and take the mean of the two counts. Calculate the
number of eggs per mL in the stock solution using Equation 3 and
record the resul ts .

# of eggs in count x 100= # eggs/ml in stock

1 -5  .1 -0  .5  .4  D i l u t i on  o f  Eggs

(Equat ion 3 )

1 5 . 1 - 0 . 5 . 4 . L  W h e n  u s i n g  s c i n t i l - l a t i o n  v i a l s  a s  t h e  t e s t
chamber, the f inal concentration of eggs in the di luted stock
mus t  be  250  eggs /0 .25  mL ,  whJ -ch  i s  equa l  t o  1 ,000  eggs /m l .  To
calcu late the d i lu t ion factor  for  the eggs,  use Equat ion 4.  ( I f
larger test containers are used, the total number of eggs used
wi l l  be greater  and the s tock so lut ion densi ty  may be adjusted,
but t.he f inal concentration of eggs in the test solutions must
rema in  25  eggs /m l ) .

#  o f  eggs /m l  i n  s tock  +  l - , 000=  D iLu t i on  fac to r (Equation 4 )

L5 .10 .5 .4 .2  The  d i l u t i on  fac to r  mus t  be  g rea te r  t han  one .  I f
noE, concentrate the eggs and recount (start ing at Section
15.4.5.3 The d i lu t ion factor  minus l -  equals  the number of  par ts
of water that go with one part of eggs in the f inal- di lut ion.
Fo r  examp le :  i f  t he  d i l u t i on  fac to r  were  5 .3 ,  t hen  4 .3  pa r t s  o f
water would be used with 1 part eggs.

15 .10  .5 .4 .3  Make  a  d i l u t i on  o f  t he  egg  s tock  so  tha t  t he re  i s
more than enough volume to perform the bioassay.

1 5 . 1 0 . 5 . 4 . 4  F e r t i l i z a t i o n  o f  E g g s

1 5 . 1 - 0 . 5 . 4 . 4 . 1  T h e  s p e r m  t o  e g g  r a t i o  n e e d e d  f o r  f e r t i l i z a t i o n  o f
the eggs is  500:L.  Calcu late the vo lume of  sperm d i lu t ion
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(Sec t i on  15 .L0 .5 .1 )  t o  add  to  the  egg  d i l u t i on ,  by  us ing  the
fo l lowing equat . ions and record the resul ts  ( f igure 3) .

volume of egg dilution x !,000 eggslrnl= total # of eggs in dilution (Equation

5A)

total # of eggs in dilution x 500 sperrn,/egg= # of sperm needed

(Equat ion 58)

# of sperm needed + # sperrn/ml. in sperm dilution= mL of sperm solution

(Equat ion 5C)

l - 5 .L0 .5 .4 .4 .2  Add  th i s  vo lume o f  t he  spe rm d i l u t i on  to  the  egg
diLution and mix gently with a plunger. Wait 1-O min, then check
fo r  f e r t i l - i za t i on .  I f  f e r t i l i za t i on  i s  no t  a t  Leas t  902 ,  add  an
addit ional volume of the sperm dilut ion. Wait 10 min and
recheck.  I f  fer t i l izat ion is  s t i l l  not  902,  then the test  must
be restar ted wi th  d i f ferent  gametes.

l - 5 . 1 0 . 5 . 4 . 4 . 3  T h e  t e s t  s h o u l d  b e  i n i t i a t e d  w i t h i n  t  h o u r  o f
fer t i l izat ion being achieved.

] -5 .  ] -0 .6 START OF THE TEST

L 5 . L 0 . 5 . t  D e l i v e r y  o f  F e r t i l i z e d  E g g s

1 5 .  L 0 . 6 .  L . 1  G e n t l y  m i x  t h e  s o l u t i o n  o f  f e r t , i l i z e d  e g g s .
Del iver  O.25 mL of  egg so lut ion to  each v ia l ,  us ing an automat ic
p ipet te  wi th  the t ip  cut  o f f  to  prov ide at  least  a  0.5 mm
opening. Deliver the embryos into the test containers directly
from the pipette, taking care not to touch the pipette to the
test solution. The egg solution temperature must be within t-oC
of the test solutions. Keep the eggs well mixed during the
delivery procedure.

1 -5 .10 .6 .L .2  The  embryos  a re  i ncuba ted  fo r  72  hou rs  i n  t he  tes t
conta iners at  L5 + 1oC at  ambient  l ight  Ievel .

l_5.10.7 LIGHT, PHOTOPERIOD, SALINITY AND TEMPERATURE

l-5.10 .7  . l  The water  temperature in  the test  chambers should be
mainta ined 15 + Loc.  The test  sa l in i ty  should be in  the range of
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34 + 2oC.  I f  e f f luent  and receiv ing water  tests  are conducted
concurrent ly ,  the saLin i t ies of  these tests  should be s imi lar .

1-5.1.0.8 DISSOLVED OXYGEN (DO) CONCENTRATION

L5 .10 .8 .L  Ae ra t i on  may  a f fec t  t he  tox i c i t y  o f  e f f l uen t  and  shou ld
be used only as a last resort to maintain a satisfactory DO. The
DO concentration should be measured on new solutions at the start
o f  the test  (Day 0) .  The DO shouLd not  fa ] ]  be l -ow 4.0 mg/L (see

Sect ion 8,  Ef f luent  and Receiv ing Water  Sampl ing,  Sample
Handl ing,  and Sample Preparat ion for  Toxic i ty  Tests) .  I f  i t  is
necessary to aerate, al l  treatments and the control should be
aerated. The aeration rat,e should not exceed that necessary to
maj-ntain a minimum acceptable DO and under no circumstances
should i t  exceed L00 bubbles/minute,  us ing a p ipet  wi th  a L-2 mm
or i f ice,  such as a 1-  mL KIMAX@ sero logica l  p ipet  No.  37033,  ot
equiva lent .

15.10 .9  OBSERVATIONS DURING THE TEST

L 5 . l - 0 . 9 . 1  R o u t i n e  C h e m i c a l  a n d

1 - 5 .  L 0 .  9 .  L .  L  D O  i s  m e a s u r e d
period in one test chamber at
con t ro l .

Physical Observations

at the beginning of the exposure
each test concentration and in the

L5 .10 .9 . I . 2  Tempera tu re ,  pH ,  and  sa l i n i t y  a re  measured  a t  t he
beginning of the exposure period in one test chamber at each
concentration and in the controL. Temperature should also be
monitored continuously or observed and recorded daily for at
least two locations in the environmental control system or the
samples. Temperature should be measured in a suff icient number
of test chambers at least at the end of the test to determine
temperature variat ion in the environmental chamber.

l - 5 .  l - 0 .9 .1 .3  Record  a l l  Lhe  measuremen ts  on  the  da ta  shee t .

l - 5 .10  .9 .2  Rou t ine  B io log i ca l  Observa t i ons

1 -5 .10 .9 .2 .L  Deve lop ing  embryos  do  no t  need  to  be  mon i to red
during the test under normal circumstances.
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1.5.10.10 TERMINATION OF THE TEST

1_5 .  t _0 .  L0  .  l _ Water Quality Measurements

1 -5 .  L0 . l -0 .1 . l -  Loca te  the  v ia l s  des igna ted  fo r  wa te r  qua l i t y

analysis and place them in a separate Location so they are not
confused with samples intended for embryo examination.

15 .L0 .LO.L .2  A11  wa te r  qua l i t y  measuremen ts  made  a t  t he  s ta r t
of the exposure should be repeated at the t ime of termination
( S e e  S e c t i o n  L 5 . 1 - 0 . 9 )  .

L5 .10  .1 -0 .2  Samp le  P rese rva t i on

1-5 .  L0 .  l -0  .2  .  l -  To terminate the test ,  add 1 .  0  mL of  372
(concentrated) buffered formalin to each sample to give a f inal
formaLin concentrat ion of  4eo.  As an a l ternate f ixat ive,  0 .5 mL
of  1.0? g lutara ldehyde may be used,  in  each test  conta iner .
Tightly cap and gently mix each container and store for later
evaluat j -on.  ( f t  the test  is  per formed in  larger  conta iners,  a  l -0
mL subsample of well  mixed test solution j-s to be taken from each
container and preserved) .

r_5 .  r_0  .  t_0  .3 Counting

1-5. l -0  .10 .3  .1  I t  is  recommended that  the embryos be examined
within one week of preservation. Longer storage t imes may also
be used, but run the risk of sample degradation due to improper
preservation. Samples can be counted directly from the
sc int i l la t ion v ia ls  us ing an inver ted microscope.  f f  an inver ted
scope is not available, then samples should be loaded into a
Sedgewick-Rafter celL, Ers foLLows. The embryos should f irst be
allowed to sett le to the bottom of the sample container. Al l  but
about 1 mL of the overlying l iquid should then be removed. A11
of the remaining l iquid containing the embryos shouLd then be
transferred to the counting chamber. Whichever scope is used,
the embryos should be examined at about 100x power. The f irst
100 embryos encountered are counted using a mult i-unit
handcounter to track normal versus abnormal larvae. Record the
data by sample number on a data sheet  (F igure 4) .

r _ 5 . L 0 . 1 0 . 4 Endpoint
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L 5  . l _ 0  . 1 0  . 4  .  1 Norma1 Larvae

15 .L0 .10 .4 .L .L  Norma l l y  deve loped  p lu teus  l a rvae  have  seve ra l -
d is t inct ive character is t ics  :

1. The larvae should have a pyramid shape with a pair of
skeletal rods that extend at least half the length of the long
axis  of  the larvae (F igure 5D).

2.  The gut  should be d i f ferent ia ted in to three par ts  (F igure

5E).  I f  the gut  appears lobed and constr ic ts  d is t ,a l ly  in
spec imens  w i th  an  obs t ruc ted  v iew  (e .g . ,  F igu re  5D) ,  t hen
normal- gut development may be inferred,

3. Development of post-oral arms has begun.

l _ 5 .  L 0  . r o  . 4 . 2 Abnormal Larvae

L5 .10 .L0 .4 .2 . l  La rvae  need  on l y  be  sco red  as  abnorma l  o r  no rmaL
to conduct the test, but the categories of abnormalit ies may be
tracked as we1l. Abnormal larvae should f i t  into one of the
fo l lowing categor ies:

1. Pathological prehatched: Embryos at the single or mult i-
ce1l  s tage wi th  the fer t i l izat ion membrane st i11 v is ib le .

2.  Pathologica l  hatched:  larvae that  have no fer t i l izat ion
membrane and demonstrate an extensive degree of malformation
or  necros is .  Most  o f  these larvae appear  as dark bal ls  o f
ce l l s  o r  d i ssoc ia ted  b lobs  o f  ce I I s .

3.  Inh ib i ted:  larvae at  the b lastu l -a  or  gast ru la  s tage that
have no gut differentiat ion or have no or underdeveloped
skeleton. These Larvae appear to be developing regularly, but
are at a stage earl ier than attained by control orgianisms
( e . 9 . ,  F i g u r e  5 A - C )  .

4. Gut abnormalit ies: larvae whose overal l  appearance is
normal, but have guts that are lacking, undifferentiated,
abnormally shaped or project outside of the larvae
(exogastru la ted)  .
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5. Skeletal abnormaLit ies: larvae whose overal l  appearance

is normal, but have missing spicules, extraneous spicules or

rods growing in abnormal- directions. Note: Some larvae may

exhibit a separation of the rods at the apex. This may be

caused by preservation and should not be termed abnorma].

Since the test  is  s tar ted wi th  a l ready fer t i l ized eggs,  dny

unfert i l ized eggs that are encountered should not be counted as

either normal or abnormal, but should be ignored.

15.1]- SI'MMARY OF TEST CONDITIONS

l-5.  LL.1-  A summary of  test  condi t ions and test  acceptabi l i ty
c r i t e r i a  i s  L i s ted  i n  Tab1e  3 .



Ech ino id  EL ,  Sec t .  t 5  ( , Ju l  95 ) ,  pq  33  o f

TABLE 3 SUMMARY OF TEST CONDITIONS AI{D
CRITERIA FOR THE PURPI,E URCHIN,
purpuratus, EMBRYO DEVELOPMENT
RECETVING WATERS

TEST ACCEPTABILITY
StrongyTocentrotus

TEST WITH EFFIJUENTS AI{D

1 .  Tes t  t t r pe : S t a t i c

2 .  S a l i n i t y : 3 4 + 2 2

3 .  Tempera tu re : l -5  +  l -oC

4 .  L igh t  qua l i t y : Ambient laboratory
i l luminat ion

5 .  L igh t  i n tens i t y : l0 -20 1E/mr/ s (Ambient
laboratory 1eveIs)

5.  Photoper iod: 1,5 h l ight ,  B h darkness

7 .  Tes t  chamber  s i ze : 20 mL g lass sc int i l la t ion
v ia ls

8. Test soLut ion volume: L0 mL

9 . No. replicat,e chambers
per  concentrat ion:

4

l -0  .  Di lu t ion water : Uncontaminated 1 -pm- f i l tered
natural seawater or, '
hl4persaline brine plus reaglent
waEer

l -1- .  Test  concentrat ions: Ef f luents:  Min imum of  5  and a
control
Receiv j -ng waters:  L00?
receivinq water and a control

] -2 .  Di lu t ion factor : E f f l u e n t s :  > 0 . 5
Receiv ing waters:  100?
receiving water and a control

l-3 . Test duration: 7 2 + 2 h r

14 .  Endpo in t : Normal development

15 .  Tes t  accep tab i l i t y
c r i t e r i a :

>80? normal shell  development
in the controls; must achieve
a ?MSD of <252



Ech ino id  EL ,  Sec t .  15  ( . f u l  95 ) .  pq  34  o f

L6.  Sampl ing requi rements: One sample co l lected at  test
in i t ia t ion,  and preferably
used wi th in  24 h of  the t ime
it is removed from the
sampling device (see Section
8, Eff luent, and Receiving
Water Sampling, Sample
Handling, and Sample
Preparation for Toxicity
Tes ts )

: . -7 .  Sample vo lume
required:

500  mL  pe r  t es t

l-5.12 ACCEPTABII,ITY OF TEST RESUI,TS

1-5. l2 . l  Test  resuLts are acceptable only  i f  a l l  the fo l lowing
requi rements are met :

(1)  larva l  normal i ty  must  be at  Least  80? in  the contro ls .

( 2 ) t h e m i n i m u m s i g n i f i c a n t d i f f e r e n c e ( ? M S D ) i s <
re lat ive to  the contro ls .

15. ].3 DATA A}IAIJYSIS

1-5.13 . ]- GENERATJ

].5. ]-4 PRECTSION AND ACCI'RACY

1 5 . 1 4 . 1  P R E C I S I O N

L5 . l -4  .1 - .1  S ing le  Labora to ry  P rec i s ion

15 .1 -4 .1 .  L . l -  Da ta  on  the  s ing le - l abo ra to ry  p rec i s ion  o f  t he
development test using copper as a reference toxicant is provided
in tabl-e +. The NOEC varied by only one concentration interval
ind icat ing good prec is ion.  The coef f ic ient  o f  var j -a t ion for  the
EC50 and EC25 were 22r"  and 2L? ind icat ing acceptabLe prec j -s ion.

15 .14  .L .2  Mu l t i - Labora to ry  P rec i s ion

l -5 .  L4  .L .2 .1  Da ta  on  the  mu l t i - f abo ra to ry  p rec i s ion  o f  t he
development test using copper as a reference toxicant is provided
in Table 5.  The NOEC for  laboratory 's  A and B were ident ica l .
The difference in NOEC observed for 1ab C was probably due the
wide range of  concentrat ions used (See Footnote 4) .  The
coef f ic ient  o f  var ia t ion for  the EC50 was 39ro,  ind icat ing
acceptable interlaboratory precision.

L5.]-4.2 ACCURACY

a 
1 -5 .14 .2 .L  The  accu racy  o f  t ox i c i t y  t es t s  canno t  be  de te rm ined .
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Tab le  4 . SINGLE-LABORATORY PRECISTON OF THE PURPI,E SEA URCHTN,
StrongyTocentrotus purpuratus, DEVELOPMENT TEST WITH
coPpER Ku tt"G/L) SULFATE AS A REFERENCE TOXrCAlrrl.

Test
Number

NOEC
(t tg /L )

EC50
(pg/L)

EC25
(pg /L )

1
2
3
4
5

1 0 .  0
1 0 .  0
5 . 6
5 . 5
5 . 5

1 9  . 4
L 8 . 3
r _ 0 . 8
1 4  . 3
r - 6  . 8

1 5 . 1
t - 5  . 4
9 . 0

1 _ 1 .  0
1 2 . 9

n :
Mean:
C V  ( ? )  :

5
NA
NA

5
1 5  . 9

2 2

5
] -2 .7

2 L

1 Tests performed by Marine Pollut ion Studies l-,aboratory,
Granite Canyon, Monterey California.
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MULTI-LABORATORY PRECISION OF THE PURPI-,E SEA URCHIN,
StrongyTocentrotus purpuratus, DEVELOPMENT TEST WITH
coPPER (CUttG/L) SULFATE AS A REFERENCE TOXTCAT{T.1

TABLE 5.

NOEC
(pg/ t  )

EC50
(pg  /n )

A'
B3
c4

L 0
L 0

L . 8

2 2 . 5
] -5 .2
L 0 . 1

n :
Mean :
C V  ( ? )  :

3
NA
NA

3
1 5 . 9

3 9

1 Data from labs A and B are from an interlaboratory study using
spl i t  re ference tox icant  samples and d i lu t ion waLer .  Test
per formed in  August ,  L993.  Test  durat ion was 72 hr .
Concen t ra t i ons  were  3  .2 ,  5 .6  ,  10 ,  l -B  and  32  t t g /L .

2 Test performed by Southern California Coastal Water Research
Project ,  Westminster ,  CA.

3 Test performed by Marine Pollut ion Studies Laboratory, Granite
Canyon, Monterey California.

a Test  per formed by MEC AnaLyt ica l  Systems,  Inc. ,  T iburon,  CA.
Test  per formed in  Apr i l ,  1994.  Test  durat ion was 96 hr .
C o n c e n t r a t i o n s  w e r e  0 . 1 ,  O . 3 2 ,  1 . 8 ,  1 8  a n d  5 6  p g / L .
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APPENDIX A. SEA URCHIN DEVELOPMENT: STEP-BY-STEP SUMMARY

O PREPARATToN oF TEST solurroNs

A. Determine test concentrations and appropriate di lut ion water
based on NPDES permit, condit ions and guidance from the
appropriate regulatory agency.

B.  Prepare ef f luent  test  so lut ions by d i lu t ing wel l  mixed
unf i l tered ef fLuent  us ing vo lumetr ic  f lasks and p ipet tes.
Use hlpersaline brine where necessary to maintain al l  test
so lut ions at  34 t  2eo.  Inc lude br ine contro ls  in  tests  that
use  b r i ne .

C.  Prepare a copper  reference tox icant  s tock so lut ion (10,000
pg/L)  by adding 0.0258 g of  CuClr .2HzO to 1 l i ter  o f  reagent
wa te r .

D.  Prepare copper  reference tox j -cant  ser ies of  0  (contro l ) ,
3 . 2 ,  5 . 6 ,  L 0 . 0 ,  l - 8 . 0 ,  3 2 . 0  p g / L  b y  a d d i n g  O ,  0 . 3 2 ,  0 . 5 5 ,
1 .0 ,  L .8  and  3 .2  mI - ,  o f  s tock  so lu t i on ,  respec t i ve l y ,  t o  a
1-L vo lumetr ic  f lask and f i l l ing to  1-L wi th  d i l -u t ion water .
Add 1-0 mL of  test  so lut ion each v ia I .

E.  Sample ef f luent  and reference tox icant  so lut ions for
phys ica l /chemical  analys is .  Measure sa l in i ty ,  pH and
dissolved oxygen of each test concentration.

O F. Randomize numbers for test containers and record the
container numbers with their respective test concentrations
on a randomization data sheet. Store the data sheet safely
unti l  after the t.est samples have been analyzed.

G. Place test contai-ners in a water bath or environmental-
chamber set to LsoC and al low temperature to equil j-brate.

H. Measure the temperature daily in one random replicate (or
separate conta iner)  o f  each test  concentrat ion.  Moni tor  the
temperature of the water bath or environmental chamber
continuously.

f .  At  the end of  the test ,  measure sa l in i ty ,  pH,  and d issolved
oxygen concentration from each test concentration.

PREPARTION AND AIVALYSIS OF TEST ORGANISMS

A. Obtain test organisms and hold or condit ion as necessary for
spawning.

B.  P lace s ix  100 mL beakers of  d i lu t ion water  in  l -5oc water
bath or  room. Select  6-8 sea urch ins and p lace on t ray
covered with seawater moistened paper towels. Induce
spawning by in ject ing each sea urch in wi th  0.5 mL of  0 .5 M
KCI. Place animals back onto Eray, oral side down.



=

Ech ino id  EL ,  Sec t .  15  ( r f u l  95 ) ,  pq  38  o f

C. When spawning begins, note t ime that each animal begins
spawning.  Leave males on t ray for  semen col lect ion.  P lace
spawning females oral side up on 100 mL beakers. Do not
colLect gametes more than 15 min after spawning begins.

D.  Col lect  semen us ing e i ther  a Pasteur  p ipet te  or  a  l -00 1tL
autopipette. Pipett.e semen from each male into a separate 5
mL conica l  test  tube,  s tored in  an ice water  bath.

E.  Check for  the mot i l i ty  o f  sperm f rom each mal-e.

F. PooI semen by pipett ing equal amounts from each ttgoodtt male
to another  centr i fuge tube.  At  least  0 .025 mL should be
taken f rom each male and a to ta l  o f  a t  least  0 .05 mL should
be available. Cover the tube and store ln a refr igerator
unt i l  ready for  use.

G.  F in ish co l lect ing eggs before d i lu t , ing semen.

H. Mix pooled semen by agitat ing on a vortex mixer. Add about
0.025 mL of  semen to a 1-00 mL beaker  conta in ing 50 mL of
15oC d i lu t ion water .  St i r  thoroughly  wi th  a Pasteur
pipette. Test eggs from each female to determine if  they
can  be  fe r t i l i zed .

I. Take 0.5 mI-, subsample of sperm dilut ion and add to 5 mL of
10? acet ic  ac id in  a 50 mL graduated cy l inder .  Br ing to  50
mL with di lut ion water. Mix well by inversion and load a
drop into each side of hemocytometer. Count the sperm in 80
sma1l squares. Ca1culate the sperm density using Equation
2A.

,f . Examine sample of eggs f rom each f emale . Do not use the
eggs from any female whose eggs appear abnormal or that did
no t  f e r t i l i ze  i n  Sec t i on  G .

K. Decant water from eggs of each usable female and pour
through Nitex@ screen into a 1 l i ter beaker. Bring volume
up to about  500 mL wi th  d i lu t ion water .  A l1ow to reset t le ,
siphon about 400 mL of overLying water and bring back to 500
mL wi th  d i lu t ion water .

L.  Mix egg so lut ion wel l  and make an accurate 100x d i lu t ion
using at  Least  10 mL of  the egg so lut ion.  Mix the d i l -u t ion
weII and count two different 1- mL subsamples in a counting
ceII. Use the mean of the two counts in Equation 3 to
determine the density of the egg stock.

M. Use Equation 4 to determine the egg di lut ion factor and make
di lu t ion of  eggs wi th  d i lu t ion water .

N. Use Equatj-ons 5 A-C to determine the volume of the sperm
di lu t ion that  is  necessary to  fer t i l ize the egg d i lu t ion.
Add the appropriate volume of sperm and after 1-0 minutes,
check  fe r t i l i za t i on  success .
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O. Gent ly  mix the fer t i l ized egg so lut ion wi th  a p lunger  and
del iver  0 .25 mL of  egg so lut ion to  each v ia l .  Make sure
that  the p ipet te  t ip  is  cut  o f f  to  prov ide at  least  a  0.5 mm
opening. Keep egg solution well mixed during addit ion
per iod.

Incubate the embryos fot 72 hours at i-5 + 1oC.

Test termination and analysis

Perform water quali ty measurements as at the start.

A f te r  72  hou rs ,  add  1 .0  mL  o f  37?  bu f fe red  fo rma l i n  o r  0 .5
mL of  1 .0? g lutara ldehyde to each test  conta iner .  T ight ly
cap and gent ly  mix each v ia1.

Examine each sample with a microscope and determine the
percentage of normally developed embryos.

Analyze the data.

rncLude standard reference toxicant point estimate values in
the standard quali ty control charts.

o .
R .

s .

T .

U .

V .
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Figure 5. Stages of sea urchin embryo development (modif ied from
Kume and  Dan  1 ,957 ) .  A .  b las tu la ;  B .  gas t ru la ;  C .  p r i sm;  D .
p lu teus  ( f ron ta l  v i ew) ;  E .  p lu teus  ( fa te raL  v iew)  a l . a rm:
anter ior  la tera l  arm,  e i  esophagus,  i :  in test ine,  s t . .  s tomach,
std:  s tomodaeum.
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APPENDIX B. USING THE NEUBAUER HEMACYTOMETER TO ENUMERATE SEA
URCHIN SPERM

The Neubauer hemacytometer is a special- ized microscope sl ide with
two counting grids and a coversl ip.

TOPVIEW:

COVERSLIP
SUPPORT

COUNTIITIG GRIDS

[size exaggeratedl

[see detail next pagel
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Together, the total
distance between the
space for  a  speci f ic

area of each grid (L mmz) and the vert ical
gr id  and the covers l ip  (0 .1 mm),  prov ide
microvolume of  aqueous sample (0.1 mm") .

$IDE VIEW:
Counting
Area Coverslip+

EHD VIEW THROUGH MID-CROSS SECTIOH:

Loading
Notch

Loading
Notch
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This volume of l iquid
cel - ls  or  sperm cel -Ls)
and ceII numbers of a
mate r ia l .

and the celLs suspended
rep resen t  L /1 ,0 ,  00o th  o f
fu l l  m i l l i l i t e r  ( cm3)  o f

the re in  (e .9 .  b lood
the l iquid volume
the sampled

HEUEAUER
HEMACYTOMETER
GRID OF 4IIO SOUARES

I f  the fu l I  4O0-squares of  each gr id  is  counted,  th is  represents
the number of sperm in 0. L mm . Mult iplying this value t imes 10
yields the sperm per mm (and is the source of the hemacytometer
fac to r  o f  4 ,000  squares /mm ) .  I f  t h i s  p roduc t  i s  mu l t i p l i ed  by
1,000 mm /cm , the answer is the number of sperm in one
mi l l i l i ter  o f  the sample.  I f  the counted sample represents a
dilut ion of a more concentrated original sample, the above answer
is  mul t ip l ied by the d iLut ion factor  to  y ie ld  the ce lL densi ty  in
the or ig ina l  sample.  I f  the ceLls  are suf f ic ient ly  dense,  i t  is
not  necessary to  count  the ent i re  4OO-square f ie ld ,  and the f ina l
calculation takes into account the number of squares actually
counted:

cens'/ml, = (dilution) ( 4' 000 sT*hif;se{mj:}#iljPles 
c;unr@:b-(-ceu-sessq*

T h u s ,  w i t h  a  d i l u t i o n  o f  4 0 0 0  ( 0 . 0 2 5
di lu t ion water) ,  80 squares counLed,
calcu lat ion becomes:

cel - l -s /ml ,  =  (4,  000 )  (4 ,  000 )  (1 ,  000 )  (  100 )
=  20 ,000 ,000 ,000  ce l l s /nL

There are several procedures that are necessary for counts to be
consistent within and between laboratories. These include mixing
the sample, loading and emptying the hematocrit  tube, cleaning
the hemacytometer and cover s1ip, and actual counting procedures.

Obviously, i f  the sample is not homogeneous, subsamples can vary

mL of
and a

semen in l-00 mL of
count  of  L00,  t .he
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in sperm density. A few extra seconds in mixing can save a lot
of wasted minutes in subsequent counting procedures. A fuII
hematocrit  tube empties mofe easily than 

-one 
with just a l i t t le

l iquid, so withdraw a ful1 sample. This can be expedited by
t ipp ing the sample v ia1.

Because the sperm are ki} l-ed prior to sampling, they wil l  slowly
set t le .  For  th is  reason,  the sample in  the hematocr i t  tube
should be loaded onto the hemacytometer as rapidly as possible.
Two replicate samples are withdrawn in fresh hematocrit  tubes and
loaded onto opposite sides of a hemacytometer.

Counting
Areal

Counting
I Area Loading

+Notch

The Loaded hemacytometer is left for t-5 minutes to al low the
sperm to set t le  onto the count ing f ie ld .  I f  the covers l ip  is
moved after the samples are loaded, the hemacytometer should be
r insed and ref i l led wi th  f resh sample.  Af ter  L5 minutes,  the
hemacytometer is placed under a microscope and the counting grid
l-ocated at 100x. Once the grid is properly posit, ioned, the
microscope is  ad justed to  200x or  400x,  and one of  the corner
squares is posit ioned for counting (any one of the four corners
is  appropr ia te) .  For  consis tency,  use the same procedure each
time (Many prefer to start in the upper left corner of the
opt ica l  f ie Id,  and th is  procedure wi l l  be used in  the examples
g iven  be low) .
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Examine the f irst large square in the selected corner. rf  no
sperm are visibre, or i f  the sperm are so dense or clumped to
preclude accurate counting, count a sample with a more
appropr ia te d iLut ion.

rn making counts of sperm, i t  is necessary to adopt a consistent
method of scanning the smaller squares and counting sperm that
faLl upon the }ines separating the squares. count tha sperm in
the small squares by beginning in the upper left hand corner
(square 1) and proceding right to squara 4, down to square 5,
le f t  to  square 8,  e tc .  unt i l  a l l  L6 squares are counted.

Because sperm that appear on l ines might be counted as being in
either square, i t  is important to avoid double counting or non-
counting. For this reason a convention is decided upon and used
consistently: paraphrasing the instructions received with one
(Hausser Scientif ic) counting chamber "to avoid counting (sperm)
twice, the best practice is to count al l  touching the top and
]eft,  and none touching the lower and right, boundary r ines. "
Whatever convention is chosen, i t  must be adhered to. The
example beLow shows a sperm count, based upon a selected
convention of counting sperm that faII on the upper and left
l ines,  but  not  on the lower or  r ight  l ines:

o . t

l 5  b

bv

l d  
o
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rn the above i l lustration, sperm fal l ing on the lower and right
l- ines are not counted. The count begins at the upper l-eft as
iLlustrated in the preceding f igure. A typical count sequence is
demonstrated by the numbers next to each sperm iLrustrated.
S p e r m  i d e n t i f i e d  a s  n u m b e r s  1 - , 5 ,  1 3 ,  2 0 ,  2 7 ,  2 8 , 3 3 ,  5 1  a n d  5 4
touch l ines and are counted as being in the square below them or
to. the i r  r ight .  The c i rc led sperm are not  counted as being in
this f ield of L6 smaLl squares (but they would be included-in any
counts of adjacent squares in which they would be on upper or
l -e f t  hand l ines)  .

once these counting conventions have been sel-ected, i t  is
advisable to fol low another str ict protocol outl ining the number
and sequence of large squares to be counted. Because the sperm
may not be randomly distr ibuted across the counting grid, i t  is
recommended to count an array of squares covering the entire
grid. The fol lowing procedure is recommended:

2t

54

q 2
I  o l

4q.

n E

u  
u o  l q

I

r t  t lp

o  1 3
t 2

p 1 {

ol

* 2 5
21
j

b26  23

20

22  o2 l
.9

1 9 "

q  1 9

l 5 q

(

p  l 6
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3lh

d 3 l

o3z 33

o 3il

35
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38

40
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tfl 4Zo
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* a a

47
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Count the number of sperm in the f irst large square.

1.  I f  the number is  less than 1-0,  count  a l l  25 squares us ing
the same scanning pattern outl- ined above (left to r ight
through squares l -  to  5,  down to square 5, le f t  through
s q u a r e  1 0 ,  d o w n  t o  l - L ,  e t c . ) .  S e e  p a t t e r n  n o .  3 .

2. I f  the number is between L0 and L9, count 9 large squares
us ing  pa t te rn  no .  2 .

3. I f  the number is 20 or greater, count 5 large squares using
pa t te rn  no .  1 .

Pattern no. 1 Pattern no. 2 Pattern no. 3

The f inaL consideration in achieving good replicate counts is
keeping the hemacytometers and coversl ips clean. They should be
r insed in  d is t i l led water  soon af ter  use.  The covers l ips should
be stored in a good biocLeanser such as hemasol. For an hour or
so prior to use, the hemacytometer sl ides should also be soaked
in the solution. Both sl ides and coversl ips should then be
r insed of f  wi th  reagent  water ,  b lo t ted dry wi th  a l in t - f ree
t issue,  and wiped wi th  lens paper .

1 2

4 3

5

7 6

I g

1 2

3

4 5

I z 3 4 5

1 u I I 7 6

l l 1? . 1 3 1 4 1 5

20 l 9 1 S t 7 t 6
21 22 ?3 24 25
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